T he traditional strategy for treating complicated diverticulitis in the emergency setting has been a 2-stage approach comprising an initial sigmoid resection and end colostomy (Hartmann procedure) followed by a second surgery to restore intestinal continuity. 1 Because of the high complication and mortality rates associated with this approach, 2-6 the addition of laparoscopy to the Hartmann procedure has been proposed to reduce the incidence of postoperative complications and to expedite recovery. 7, 8 During elective surgery for diverticulitis, a laparoscopic approach has been shown in multiple studies to have several perioperative advantages over open surgery including shorter length of hospitalization, quicker return of bowel function, fewer infectious complications, and decreased postoperative pain. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] Whether these advantages observed after elective laparoscopic surgery for diverticulitis will extend to emergency surgery for patients with complicated diverticulitis is currently unknown. The objective of this study was to test whether a laparoscopic approach to the Hartmann procedure was associated with decreased postoperative morbidity and mortality by performing a propensity-matched comparative analysis of laparoscopic and open approaches with the use of data from the American College of Surgeons National Surgical Quality Improvement Program (NSQIP).
METHODS
The American College of Surgeons NSQIP Participant User Files for 2005 through 2009 were used for this analysis. Patients were included for analysis if they met all 3 of the following criteria: 1) primary Current Procedure Terminology (CPT) code for laparoscopic or open partial colectomy with end colostomy (CPT 44206 or 44143), 2) emergency procedure, and 3) postoperative diagnosis of colonic diverticulitis with or without mention of hemorrhage (International Classification of Diseases, Ninth Revision codes 562.11 or 562.13).
The primary predictor variable for our analysis was surgical approach for the index procedure (laparoscopic or open). Definitions of other predictor variables definitions are given in the NSQIP participant user guide. 26 The primary outcome variables were 30-day postoperative mortality and overall 30-day postoperative morbidity. Specific definitions of secondary outcome variables are also given in the NSQIP participant user guide. 26 Three variables had missing data (BMI, 116 patients; resident participation, 10 patients; and ASA classification, 1 patient). Because there was not a significant difference in the percentage of patients undergoing laparoscopic (85.7%) versus open surgery (90.9%, p = 0.15) who had missing data for BMI, we assumed that patients were missing BMI data at random and therefore excluded these patients from our multivariate regression models.
Comparisons of preoperative and intraoperative variables for patients undergoing laparoscopic versus open surgery were made by using Pearson χ 2 tests for categorical variables and Mann-Whitney rank sum tests for continuous variables. Comparisons of the primary and secondary outcomes for the 2 groups were made in the same manner. For each primary outcome variable (30-day postoperative mortality and morbidity), all potential preoperative and intraoperative variables were then considered for inclusion in a forward stepwise multivariate logistic regression model by using a p value of <0.01 as the entry criterion. As the primary predictor of interest, surgical approach (open versus laparoscopic) was forced as a variable into both of these regression models.
In recognition that there was likely a nonrandom selection bias for treating patients with complicated diverticulitis by using an open versus laparoscopic approach, we also conducted a separate analysis with the use of a subset of the entire NSQIP patient sample matched on propensity for undergoing their procedure with the laparoscopic approach to minimize this selection bias. For this analysis, a nonparsimonious logistic regression model was created to estimate the likelihood of undergoing the index colectomy procedure laparoscopically, with all of the aforementioned preoperative and intraoperative variables being included as potential confounders in this model. Intraoperative procedure characteristics were specifically included in the model, even though these variables cannot be known preoperatively, because they may reflect, in part, the technical difficulty of a given procedure. A propensity score for laparoscopic approach ranging from 0 to 1 was then calculated for each patient by using the logit coefficients for the predictors of the laparoscopic approach from the multivariate logistic regression model above. These propensity scores were then used to create 2 groups of patients matched on their propensity for having undergone laparoscopic surgery with the use of a calipermatching algorithm with a caliper distance of 0.005 and controls being used only once in the matching procedure. Comparison of the preoperative and intraoperative characteristics of the matched cohort of patients was then performed by using the McNemar χ 2 tests for categorical variables and Wilcoxon signed rank tests for continuous variables. Primary and secondary outcome measures between the matched cohorts were compared in a similar manner. All statistical tests were 2 tailed with a significance level considered to be p < 0.05. All statistical analyses were performed by using Stata Version 11.0 (College Station, TX). The statistical methods are summarized in Figure 1 .
RESULTS
A total of 1186 patients undergoing emergency partial colectomy with end colostomy for diverticulitis were included in the analysis, with 1116 (94%) and 70 (6%) patients treated with an open and laparoscopic approach. The pre-and intraoperative characteristics of patients included for analysis are summarized in Table 1 . In comparison with patients treated with open surgery, patients treated laparoscopically had an overall lower operative risk as demonstrated by lower ASA physical status classification (54.3% vs 66.9% having ASA ≥3, p = 0.03). Fewer patients in the laparoscopic cohort presented with systemic inflammatory response syndrome, sepsis, or shock (58.6% vs 69.5%), although this difference did not reach statistical significance (p = 0.06). Although operative time did not differ between procedures (132 ± 65 vs 124 ± 52 minutes, p = 0.72), a laparoscopic approach to the Hartmann procedure was associated with fewer dirty wounds (68.6% vs 80.6%, p = 0.02) and had less resident participation (47.1% vs 64.2%, p = 0.004). Univariate associations of pre-and intraoperative variables with 30-day postoperative mortality and morbidity are given in Table 2 .
For all patients included in the NSQIP sample, a laparoscopic approach to partial colectomy and end colostomy was associated with a lower overall complication rate (25.7% (n = 18) vs 41.7% (n = 486), p = 0.008) and similar postoperative mortality (4.3% (n = 3) vs 7.1% (n = 83), p = 0.37). Specifically, laparoscopic procedures had a significantly decreased likelihood of prolonged postoperative ventilation (4.3% (n = 3) vs 15.7% (n = 183), p = 0.01) and median (25%-75%) length of hospitalization (6 (5-11) vs 8.5 (6-13) days, p = 0.0008). Major cardiovascular complications were similar between groups, as was the rate of organ space infections (4.3% (n = 3) vs 4.9% (n = 57), p = 0.82) ( Table 3) .
Stepwise multivariate logistic regression was performed to determine variables associated with 30-day postoperative death and postoperative morbidity, and the results of these analyses are summarized in Tables 4 and 5 . Despite being associated with decreased perioperative morbidity on univariate analysis, a laparoscopic approach to the Hartmann procedure was not associated overall morbidity or 30-day mortality when controlling for potentially confounding pre-and intraoperative variables.
To address potential selection bias in the laparoscopic cohort, a separate analysis was performed with the use of a subset of the entire NSQIP patient sample matched on propensity for undergoing their procedure with the laparoscopic approach. A final propensity-match subset included 67 patients in both open and laparoscopic groups; their preoperative and intraoperative characteristics are summarized in Table 6 . Univariate associations of preand intraoperative variables with 30-day postoperative mortality and morbidity with the use of the propensitymatched cohort are given in Table 7 . On repeat analysis of outcomes using these propensity-matched cohorts, no statistically significant differences between open and laparoscopic groups were demonstrated, including postoperative morbidity and mortality (Table 8 ).
DISCUSSION
In hopes of decreasing the morbidity of the Hartmann procedure itself and tempering its criticism, a laparoscopic approach to the procedure has emerged but has yet to be validated against the standard open approach. 7, 8 The primary objective of this study was to determine whether the addition of laparoscopy to the Hartmann procedure would decrease postoperative morbidity and mortality for treatment of complicated diverticulitis. On univariate analyses of the entire study cohort, the laparoscopic group had a significantly decreased overall complication rate and a shorter hospitalization, which was consistent with previous studies comparing laparoscopic and open approaches in elective surgery for diverticulitis. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] However, on both multivariate and case-controlled analyses, the laparoscopic group was not associated with a decrease in either postoperative morbidity or mortality. Although the Hartmann procedure has for many years been considered the traditional conservative treatment for such complications, 1 it is associated with significant perioperative morbidity (up to 50%) and mortality (15%-25%). [2] [3] [4] [5] [6] Such perioperative morbidity and mortality is likely multifactorial and associated with other patient variables such as patient physiologic status, surgeon experience, and patient comorbidities. To account for patient variables thought to be associated with poor outcomes not available in the NSQIP database and to minimize selection bias, we also performed a propensity-matched analysis. No statistically significant advantages of laparoscopic over open technique including mortality, overall morbidity, Laparoscopic versus open approach forced into the model because of the primary predictor variable of interest C-index = 0.85. and length of hospital stay were demonstrated between propensity-match cohorts.
The results of this study seem to imply that whatever advantages garnered from a minimally invasive approach to the Hartmann procedure may be abrogated by the end results (ie, systemic toxicity) of the disease process itself. Thus, in the acute setting of perforated diverticulitis when purulent and/or feculent peritonitis may be present, a laparoscopic sigmoid resection with end colostomy may not provide any appreciable advantage over the open approach in terms of postoperative morbidity or mortality. These results are in contrast to those of previous studies that reported laparoscopic sigmoid resection for the elective treatment of complicated diverticulitis to decrease postoperative morbidity and length of hospitalization. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] Given that a laparoscopic approach seems to only provide a benefit to the patient in the elective setting, the optimal emergency treatment for perforated or complicated diverticulitis may be one that could temporize the resultant peritonitis and systemic toxicity until a sigmoid resection could be performed electively. One such strategy may be to treat acute perforations of diverticulitis with a laparoscopic peritoneal lavage and drainage procedure. 27 Advocates of this approach report that laparoscopic peritoneal lavage and drainage combined with intravenous antibiotics can effectively treat the acute peritonitis and systemic toxicity of perforated diverticulitis such that a later sigmoid resection and primary anastomosis can be performed on an elective basis. Thus, with this approach, patients might be spared the high morbidity and requisite temporary ostomy of the classic 2-stage approach. [28] [29] [30] [31] [32] Whether such an approach is an effective alternative to primary sigmoid resection with or without colostomy for perforated diverticulitis is currently under investigation in an ongoing randomized, prospective trial. 2 Because it is composed of a large national dataset encompassing a contemporary time frame (2005-2009), NSQIP provides a unique and powerful tool for evaluating 30-day outcomes after major surgical procedures. However, the NSQIP database has several inherent limitations that should be taken into consideration when interpreting studies with the use of its data. 33 First, it relies on CPT coding for describing procedure type, which can be variable among providers. In the case of this study, CPT coding did not allow us to discriminate potential confounding variations of either the open or laparoscopic Hartmann procedure. Specifically, it is unclear whether patients in this study could have been started laparoscopically but converted to open, were explored by using a lower midline or full laparotomy incision, or required a splenic flexure mobilization. Second, NSQIP does not provide pertinent information regarding the extent or severity of diverticular disease (ie, Hinchey classification) or complexity of the specific Hartmann procedure. However, we used the total work relative value units associated with the index operation (which is composed of the individual work relative value units associated with each CPT code) in an attempt to account for procedure complexity. [34] [35] Third, we do not know the exact indication for the emergency operation in the patients included in our analysis (eg, free perforation vs contained perforation vs obstruction). Despite the lack of information regarding the specific indication for surgery, some of the covariates in our analysis should allow adjustment for the end result of these specific indications (eg, signs of septic shock or dirty/contaminated incisional wound classification). Fourth, laparoscopic surgery in other settings has demonstrated other advantages over open surgery that could not be detected by using NSQIP data. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] For instance, pertinent variables for this study not recorded in the NSQIP database include postoperative pain indices, time for return of bowel function, and rates of readmission. Therefore, we are unable to say with authority that the laparoscopic approach does not reduce rates of postoperative morbidity and mortality. However, the results of the propensity-matched analysis would suggest that, if there are undetected benefits, they are likely not as pronounced as for elective surgery. Finally, although this study constitutes the largest comparison to date, the relatively small number of patients does subject our analysis to type II error. Despite these limitations, we conclude from our analysis that the laparoscopic Hartmann procedure offers no clear advantages over the open technique for the management of complicated diverticulitis in the emergency setting. As the realm of minimally invasive surgery continues to grow, it will become important to identify which procedures are truly enhanced with such techniques. With the use of a prospective database encompassing more than 250 participating hospitals, we found that laparoscopic partial colectomy with end colostomy for emergency treatment of diverticulitis can be performed efficiently with similar operative times as standard open techniques. However, in comparison with a propensity-matched cohort, laparoscopic Hartmann procedure did not confer any advantages over open surgery in terms of mortality, overall morbidity, or length of hospitalization.
